Objective Adherence to rehabilitation exercise is much lower in patients with hematologic malignancies (22.5-45.8%) than in patients with solid tumors (60-85%) due to the administration of more intensive chemotherapeutic regimens in the former. Virtual reality exercise can be performed even in a biological clean room and it may improve the adherence rates in elderly patients with hematologic malignancies. Thus, in this pilot study, we aimed to investigate the feasibility and safety of virtual reality exercise intervention using Nintendo Wii Fit in patients with hematologic malignancies receiving chemotherapy. Methods In this feasibility study, 16 hospitalized patients with hematologic malignancies aged ! 60 years performed virtual reality exercise for 20 minutes using the Nintendo Wii Fit once a day, five times a week, from the start of chemotherapy until hospital discharge. The adherence rate, safety, and physical and psychological performances were assessed. Results The adherence rate for all 16 patients was 66.5%. Nine patients completed the virtual reality exercise intervention with 88 sessions, and the adherence rate was 62.0%. No intervention-related adverse effects >Grade 2, according to National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0, were observed. We noted maintenance of the physical performance (e.g., Barthel index, handgrip strength, knee extension strength, one-leg standing time, and the scores of timed up and go test and Instrumental Activities of Daily Living) and psychosocial performance (e.g., score of hospital anxiety and depression scale). Conclusion Virtual reality exercise using the Wii Fit may be feasible, safe and efficacious, as demonstrated in our preliminary results, for patients with hematologic malignancies receiving chemotherapy.
Introduction
In the present aging society, the number of patients with cancer is increasing, and the rehabilitation of such patients into society is a serious problem. In fact, several developments in chemotherapeutic drugs have significantly prolonged the survival in previous decades, however, various debilitating adverse effects still plague patients after cancer treatments. In patients with solid tumors receiving chemotherapy, exercise intervention including aerobic and resistance training can improve physical and psychological functioning and their quality of life (1) . However, for patients with hematologic malignancies, limited evidence on the safety and efficacy of exercise during chemotherapy is available. One of the most important differences between hema-tologic malignancies and solid tumors is that chemotherapeutic regimens for the former are more intensive. Intensive chemotherapies usually result in marked cytopenia requiring isolation, severe fatigue, and the inability to undergo conventional physical therapies, especially in elderly patients. Previous studies report that adherence rates of conventional physical therapy were 60-85% in patients with solid tumors receiving chemotherapy (2-4), but only 22.5-45.8% in patients with acute myeloid leukemia (5, 6) . Thus, an improved and more feasible method of exercise is required for elderly patients with hematologic malignancies.
Home-based virtual reality gaming systems are a novel and potentially useful technology for the rehabilitation of patients, allowing them to control a game character in a virtual environment using a remote control with a motion sensor. The Nintendo Wii Fit (Nintendo, Kyoto, Japan) is a virtual reality exercise game comprising activities such as yoga, strength training, aerobics, and "balance games" and is a promising system for rehabilitation. It was released in 2007 in Japan and in 2008 in North America, Europe, and Australia. Recently, several studies reported its positive effects on physical functioning, psychological outcomes, and cancer-related fatigue (7) (8) (9) (10) (11) (12) (13) (14) . This new method of exercise can be continued even with severe physical disability and it is more enjoyable compared to conventional exercise therapy (15) .
Considering the importance of virtual reality exercise and its potential for improving outcomes, in this pilot study, we aimed to investigate the feasibility and safety of virtual reality exercise intervention using the Nintendo Wii Fit in elderly patients with hematologic malignancies receiving chemotherapy.
Materials and Methods

Participants
We conducted a prospective, single-arm, feasibility study between October 2009 and March 2013. All participants were recruited from the Teikyo Chiba Medical Center, Chiba, Japan, and Tsukuba Memorial Hospital, Ibaraki, Japan.
Eligibility criteria included (a) age ! 60 years, (b) histologically confirmed Hodgkin or non-Hodgkin lymphoma or acute leukemia, (c) hospital stay of >1 week, (d) planned chemotherapy during hospitalization, (e) ambulatory status of performance (Eastern Cooperative Oncology Group Performance Score of 0-2), (f) no electrocardiographic abnormality that required treatment, (g) a serum creatinine concentration of less than two-fold the upper limit of the normal range, (h) total bilirubin level less than two-fold the upper limit of the normal range, and (i) arterial oxygen saturation without supplemental oxygen of more than 96%. The exclusion criteria were active infection, uncontrolled high blood pressure, and psychological symptoms due to which the patient was unable to join the clinical trial. Each hospital's Institutional Review Board approved this study, and all participants provided their written informed consent.
Intervention
The exercise intervention included performing virtual reality exercise using the Wii Balance Board (Nintendo, Kyoto, Japan) with the Nintendo Wii Fit once a day, five times a week, from the start of chemotherapeutic treatment until hospital discharge. Each exercise session was performed one-on-one with a physical therapist and lasted for approximately 20 minutes. Two activities -Hula Hoop and Basic
Step -were played freely as per the patient's preference. Both of these exercises were of light to moderate intensity; Hula Hoop was 4 Metabolic Equivalents of Task (METs) and Basic
Step was 3 METs (additional details are described online at http://www.nintendo.com/games/detail/hoiNtus4JvIc PtP8LQPyud4Kyy393oep). We allowed the patients to independently perform other exercises such as muscle training and walking.
Exercise sessions were discontinued when the patients experienced CTCAE version 3.0!Grade 4 non-hematologic adverse events, had a fever of ! 38°C, or chose to discontinue the session. Exercise intervention was resumed soon after recovery from the abovementioned situations, however, patients were eliminated from the trial if they did not recover within 2 weeks.
Endpoints
The primary endpoint was the adherence rate, which is calculated as the ratio of the number of days the patient actually exercised to the number of days scheduled for exercise. The secondary endpoints were physical fitness, psychosocial functioning, and safety. Physical fitness was assessed using the Barthel index (16, 17) , grip strength, one-leg standing time, knee-extension strength, timed up and go test (TUG) (18, 19) , and Instrumental Activities of Daily Living (IADL). Psychosocial functioning was assessed using the Hospital Anxiety and Depression Scale (HADS) (20, 21) . The data were collected by a physiotherapist, who conducted the daily training sessions, at baseline and after intervention just before discharge. For comparison of the variables, a Wilcoxon signed-rank test was performed. CTCAE version 3.0 was used to assess the adverse effects of exercise intervention.
Results
Sixteen patients were enrolled in the study; their baseline characteristics are shown in Table 1 . The median age was 66 years (range, 60-76 years; women, 6 patients). Eight patients (50%) received their first cycle of chemotherapy, and the remaining 8 patients (50%) had received a median of 1 (range, 1-4) cycle of chemotherapy previously. The median length of follow-up was 23.5 days (range, 12-77).
The adherence rate for all 16 patients was 66.5%. Seven (44%) patients withdrew from the study for the following reasons: four due to infection, one due to tumor lysis syndrome, one due to progression of the disease and one due to withdrawal of consent (Table 2 ). Nine (56%) patients completed the exercise intervention with 88 sessions, and their adherence rate was 62.0%. On 23 days, exercise could not be performed because of unavailability of the physical therapists. Changes in the physical and psychosocial measures from baseline to post-exercise among patients who completed the exercise intervention are shown in Table 3 . The median Barthel index score, which assess the activity of daily life, remained constant at 100 (p=1) before and after exercise intervention. The median grip strength of the right hand decreased slightly from 36 to 32 kg (p=0.28) and that of the left hand increased from 29 to 32 kg (p=0.1). The median one-leg standing time of the right leg was constantly 15.0 seconds (p=0.1) during hospitalization and that of the left leg increased from 10 to 12.0 seconds (p=1). The median No musculoskeletal events of CTCAE version 3.0> Grade 2 occurred, and no other significant adverse events related to the exercise program were noted during the study period.
Discussion
We herein examined the feasibility, safety, and preliminary efficacy of a supervised exercise program using the Wii Fit during chemotherapy for hematologic malignancies in a single-arm clinical trial. The adherence rate was higher than that of conventional exercise (5, 6) . Furthermore, clinically promising maintenance of physical fitness and an improvement in psychosocial functioning were noted. Concerning safety, no musculoskeletal events of CTCAE version 3.0> Grade 2 occurred over 200 patient-days during 88 sessions. Although the adverse event profile was comparable with conventional exercise in acute myeloid leukemia patients, which showed only one Grade 2 musculoskeletal adverse event during 600 patient-days (6), a few serious incidents such as bone fracture (22) and hemothorax (23) have been previously reported, and we should therefore take care to avoid the occurrence of such events.
To the best of our knowledge, there are only three pilot studies (6, 24, 25) and two randomized controlled trials that have examined the efficacy of aerobic exercises in patients with hematologic malignancies receiving chemotherapy. In a study of aerobic exercise in 122 patients with malignant lymphoma, Courneya et al. reported a high adherence rate (92%) and improvement in the patient-rated outcomes and objective physical functioning (26) . However, only 44.3% of the patients were receiving chemotherapy; therefore, these results must be interpreted carefully. Furthermore, Chang et al. reported that aerobic exercise in 22 patients with acute myeloid leukemia receiving chemotherapy allowed them to perform walking exercises and led to an improvement in fatigue-related experiences (27) . However, because each group size was relatively small, these findings need to be confirmed. Thus, there are limited data on the effects of exercise intervention in patients with hematologic malignancies during chemotherapy. This is possibly because of the following reasons. First, cytopenia was historically considered to be a contraindication for physical activity; in 1989, Rogge et al. recommended that patients with acute leukemia undergoing chemotherapy should not perform any physical activity until they achieved complete remission (25) . Second, patients with hematologic malignancies receiving chemotherapy are too weak to perform conventional aerobic exercise due to intensive chemotherapeutic regimens. In a previous study, only 6.5% of patients with non-Hodgkin lymphoma receiving chemotherapy met the physical activity guideline of the American College of Sports Medicine and the American Heart Association (1) and 5.9% of patients with acute myeloid leukemia receiving chemotherapy met the Canadian Physical Activity Guidelines (6) . Although identifying methods for rehabilitation of patients with hematologic malignancies was not focused upon in the past, recent advances of supportive care may enable patients to exercise and accelerate their social recovery. Virtual reality exercise is a promising method for faster recovery. The usefulness of exercise using virtual reality has been examined since the late 1990s. Two studies, a randomized controlled trial (28) and a single-subject study (29) , investigated the use of immersive virtual reality and showed that it improved physical fitness, however, its high cost and the large-sized equipment required prevented its widespread use. Home-use virtual reality consoles, such as the Wii (Nintendo, Kyoto, Japan) and PlayStation EyeToy (Sony Computer Entertainment, Tokyo, Japan) are much cheaper than the previous immersive equipment (30) . Although, to the best of our knowledge, no randomized controlled study using the Wii for exercise rehabilitation exists, some small studies have exam-ined its usefulness in various populations [i.e., in elderly persons (11, 12) , patients with post-stroke (7, 13) , patients with cerebral palsy (8), patients with burns (9), patients with lung cancer (10), patients with Parkinson's disease (14) and patients with systemic lupus erythematous (31)]. The abovementioned studies suggested that exercise using the Wii is feasible, efficacious, and enjoyable. Our trial is the first study to assess the use of virtual reality in exercise for patients with hematologic malignancies receiving chemotherapy.
There are three advantages of exercising using the Wii Fit. First, Wii Fit exercise is not too strenuous, enjoyable and can be continued even in fragile patients; this cannot be achieved by conventional exercises. Second, with the Wii Fit, patients with severe neutropenia who need spatial restriction can exercise even in the biological clean room. They need not to walk through the hallways or use exercise equipment such as parallel bars, bicycle ergometer, or treadmills in the rehabilitation room. Third, the Wii Fit costs only approximately $200 and it can be set up anywhere and the exercise can be performed at any time.
Despite the many positive findings, there are a few limitations associated with our study. First, the backgrounds of the enrolled patients varied. As suggested in a previous study, the patients' fitness habits and ability to exercise before admission and smoking habits could lead to a bias for adherence (32) . Second, our method of measurement placed a disproportionate emphasis on muscle strength as compared to aerobic fitness. Third, the drop-out rate of nearly half (7/16) of the participants was high and thus raises concerns about the feasibility of the intervention. However, this drop-out rate appeared to be due to the disease itself and not because of any defect in the fitness program.
In summary, to the best of our knowledge, this is the first study to show that virtual reality exercise using the Wii Fit may be feasible, safe and efficacious among elderly patients with hematologic malignancies receiving chemotherapy. Further studies are warranted to confirm whether virtual reality exercises can enhance the physical and psychological health outcomes and quality of life in future trials.
Conclusion
Virtual reality exercise using the Wii Fit may be feasible, safe, and efficacious, as demonstrated in our preliminary results, for patients with hematologic malignancies receiving chemotherapy.
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